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ABSTRACT 

During fall, 30 Holstein calves were 
randomly assigned to three housing treat- 
ments from birth to weaning: conven- 
tional wooden hutches, enclosed molded 
polyethylene domes, and thermomolded 
opaque polymer hutches with ridge-top 
ventilation systems. The wooden and 
polymer hutches had outdoor pens. Fif- 
teen calves, 5 in each housing type, were 
fitted with portable data loggers to rec- 
ord ambient (calf microclimate) and tym- 
panic temperatures. Additional data col- 
lected included weekly girth, BW, and 
feed intake; blood samples were col- 
lected within 24 h of birth and at wean- 
ing (8 wk); and behavioral observations 
were made at 1, 4, and 7 wk of age. 
Polyethylene domes had the warmest 
microclimate, followed by wooden and 
polymer hutches. Feed intake, growth 
measurements, blood physiology, and 
behavior were unaffected by housing 
type. Diurnal tympanic temperature 
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rhythms of neonatal dairy calves in this 
study were monophasic: maximums were 
at 1200 to 1700 h, and minimums were 
at 0600 to 0900 h. Computed fractal 
dimensions of tympanic temperature by 
week indicated a gradual diminishing of 
stress as the calves became older and 
acclimated to their environment. This 
objective characterization provides a ba- 
sis for further evaluation of physiological 
stress and a means of improving environ- 
mental management. 
(Key words: calf housing, tympanic tem- 
perature, fractal dimensions) 

INTRODUCTION 

The environment affects the exposure to, 
infection by, and perpetuation of disease in 
calves and resultant morbidity or mortality (1). 
Environmental extremes of cold or heat de- 
crease disease resistance in dairy calves (5). 
Susceptibility of the calf to disease is depen- 
dent on a calfs passive immunity, its innate 
resistance to infection, the burden of infection 
in the environment, and the nutritional quality 
of the diet. Reported calf death losses have 
ranged from 7 to >20% (1, 13). Under good 
management conditions, rate of neonatal calf 
mortality (the number of calves that are born 
alive but die between 24 h and 28 d) should 
not exceed approximately 3% (18). During this 
period, septicemia and enteric disorders are the 
main causes of death. Mean mortality rate 
(heifer deaths prior to weaning per number of 
heifers born alive) was 14.7% in one study (6), 
and calf mortality from birth to 3 mo was 
6.5% in another study (13). 
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Dairy managers significantly underesti- 
mated calf mortality rates at 2 to 5% and 
tended to underestimate economic losses (6). A 
calf death involves the loss of its production 
potential and the reproductive period of the 
dam (2). The disparity between actual and esti- 
mated calf mortality rates may reflect the fail- 
ure of producers to keep accurate calf records 
on calf mortality (6). 

Improved environmental management may 
alleviate losses (5). However, housing calves 
individually prior to weaning did not reduce 
mortality (13). In many California dairies, 
calves are grouped prior to weaning, and in- 
dividual calves are often housed in wooden 
hutches (6). Housing type may not affect 
growth or survival rates (14, 22), even though 
individual calf housing has been popular for 
more than 20 yr. Such housing provides en- 
vironmental protection, helps prevent spread of 
disease, and facilitates the detection and treat- 
ment of sick calves. The addition of suitable 
bedding and a draft-free environment can re- 
duce the direct stress of cold on even the 
young calf to negligible proportions (23). 

Cattle are homeotherms with a complex 
thermoregulatory system. They maintain ther- 
moneutrality through adjustments in behavior, 
internal heat production, heat transfer from the 
central core to the surface, heat loss from the 
surface, and evaporation (24). Short-term fluc- 
tuations in cattle body temperature occur be- 
cause of metabolic processes, physiological 
changes, and environmental stressors. Three 
primary sites-rectum, vagina, and ear canal 
adjacent to the tympanic membrane-are used 
for accurate measurement of internal body 
temperature of cattle (25). Tympanic tempera- 
ture is most responsive to external stimuli (25) 
and is an acceptable index of hypothalamic 
temperature (1 1). Tympanic temperature pro- 
vides a means of objectively measuring stress 
in cattle, thus improving the characterization of 
stress (8). 

The objectives of this study were to com- 
pare the effects of three types of individual calf 
housing on growth, physiology, and behavior 
during the fall. We also examined tympanic 
temperature rhythms in neonatal Holstein 
calves and examined the use of computed frac- 
tal dimensions as a possible means of identify- 
ing stress in calves. 

MATERIALS AND METHODS 

Thirty Holstein calves were randomly as- 
signed to one of three housing types from birth 
to weaning. The study took place over a 
15-wk period during the fall (September to 
December). We compared conventional 
wooden hutches (1.2 x 2.4 x 1.2 m high) with 
an outdoor pen (1.2 x 1.8 m), enclosed molded 
polyethylene domes (2.2 diameter x 1.5 m 
high; Poly Dome, Litchfield, MN), and ther- 
momolded opaque polymer hutches (1.4 x 2.2 
x 1.3 m high) with ridge-top ventilation sys- 
tems (Hampel Corp., Germantown, WI) and an 
outdoor pen (1.2 x 1.8 m). 

Of the 30 calves, 15 (5 in each housing 
type) were randomly assigned to be fitted with 
portable data loggers to record tympanic tem- 
perature. Treatments (combination of data log- 
ger and housing) were randomized within 
blocks (calves). During the 8 wk that each calf 
was on the study, tympanic temperature probes 
were replaced weekly in alternate ears of the 
calves when temperature data were down- 
loaded to computers. Microclimate (ambient 
temperature) was measured by thermistor sen- 
sors located in the data loggers, which meas- 
ured internal temperature of the data logger. 
Tympanic temperature probes placed in the ear 
canal next to the tympanic membrane were 
held in place by prosthetic foam. The data 
loggers were enclosed in an aluminum case, 
the edges of which were sealed with silicone 
gel, and held in place on the calfs back with a 
webbed belt. The portable data loggers and 
tympanic probes were commercial units (Mini- 
Mitter Co., Inc., Sunriver, OR) that were simi- 
lar to those described by Hahn et al. (10). 
Temperature resolution of the tympanic record- 
ing system was .04"C. Calves received colos- 
trum for three feedings and 2 L of whole milk 
twice daily; water, grain, and hay were offered 
for ad libitum intake. Straw bedding was 
replaced or added as needed. Data collected 
included tympanic and ambient temperatures 
recorded at 5-min intervals; weekly girth, BW, 
and feed intake; physiological blood 
parameters within 24 h of birth and at weaning 
at 8 wk; and hourly behavioral observations 
(from 0700 to 1900 h) at 1 ,4 ,  and 7 wk of age. 

Initially, the experimental design was a ran- 
domized block with a 2 x 3 factorial treatment 
arrangement with repeated measurements (i.e., 
split-plot) in time. Main treatment effects were 
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TABLE 1. Calf housing microclimate from September to 
December. 

- 50 40 

Ambient temperature 

Housing type Mean Maximum Minimum 

('C) 
Polymer hutch 13.23 26.28 4.14 
Polyethylene dome 17.31 32.72 6.30 
Wooden hutch 14.38 29.28 4.96 

10 34 Lppp - __ ~ ~ ~p 

I000 1400 1600 2200 0200 0600 
Time (h) 

data logger or no data logger and type of 
housing. A split-plot model was used with the 
combinations of data logger and housing as the 
whole-plot treatment, and week was the sub- 
plot treatment. Because the presence of the 
data logger did not have any effects on the 
parameters measured, the statistical model 
used was 

Y = + Bi + Hj + Eij + W k  + Sik 

+ HWjk + vijk,  

where B = the block effect (calf); H and W = 
the effects of housing and week, respectively; 
and E, S ,  and V = the error terms of the split- 
plot model. Data were analyzed using the 
general linear models procedure of SAS (19). 

RESULTS AND DISCUSSION 

Polyethylene domes had the warmest 
microclimate, followed by wooden hutches and 
polymer hutches (Table 1). Lamb et al. (16) 
noted that the temperature of polyethylene 
domes tended to average 5 to 10°C higher than 
wooden hutches during a year-long study. 
Figures 1, 2, and 3 show typical temperature 
rhythms and microclimates for the different 
types of housing. Differences were evident for 
ambient temperatures between the different 
housing types, and the polyethylene domes had 
higher ambient temperature during the day 
than did the other housings. Tympanic temper- 
atures of neonatal dairy calves were 
monophasic: maximums were at 1200 to 1800 
h, and minimums were at 0600 to 0900 h. 
Hahn (7) reported that tympanic temperature in 
livestock that are fed for ad libitum intake 
usually showed a monophasic rhythm; maxi- 
mums were near midnight and minimums were 

Figure 1. Tympanic (-4 and ambient (--) temperatures 
of calf 7556. September 12. wk 2, housed in a polymer 
hutch. The ambient temperature was measured within the 
data logger strapped to the calf and reflects the micro- 
climate as influenced by the thermal environment and heat 
loss by the calf. Minimum, maximum, and mean tympanic 
temperatures were 36, 39, and 38°C respectively. Mini- 
mum, maximum, and mean ambient temperatures were 13. 
41. and 28'C. respectively. 

in late morning in moderate thermal conditions 
( S  to 1.2"C). For lactating cows in Israel (3), 
maximum tympanic temperatures occurred at 
about 1800 h during winter and summer, and 
minimum tympanic temperatures occurred be- 
tween 0900 and 1500 h during winter and 
between 0300 and 0600 h during summer. 

41 
x 

E 

V 

10 -~ ~ _ _ _ _  36 -~ 
1000 1400 1600 2200 0200 0600 

Time (h) 

Figure 2. Tympanic (-) and ambient (-) temperatures 
of calf 7603, September 12, wk 2, housed in a polyethyl- 
ene dome The ambient temperature was measured within 
the data logger strapped to the calf and reflects the 
rmcroclimate as influenced by the thermal environment 
and heat loss by the calf. Minimum, maximum. and mean 
tympanic temperatures were 37, 40, and 38"C, respec- 
tively. Minimum, maximum, and mean ambient tempera- 
tures were 15, 45, and 31'C. respectively. 
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Figure 3. Tympanic (--) and ambient (--) temperatures 
of calf 7605, September 12. wk 2, housed in a wooden 
hutch. The ambient temperature was measured within the 
data logger strapped to the calf and reflects the micro- 
climate as influenced by the thermal environment and heat 
loss by the calf. Minimum, maximum, and mean tympanic 
temperatures were 30, 40. and 38°C. respectively. Mini- 
mum, maximum, and mean ambient temperatures were 15, 
38, and 28% respectively. 

During summer in Arizona, maximum rectal 
temperatures of dairy cows occurred from 
1400 to 1800 h, and minimum temperatures 
occurred from 0400 to 0900 h. In constant 
thermoneutrality, the maximum rectal tempera- 
tures of nonlactating dairy cows occurred be- 
tween 1700 and 2400 h. Maximum rectal tem- 
peratures occurred between 1500 and 2000 h in 
cyclic thermoneutral conditions, between 1300 
and 2300 h in cyclic conditions simulating 
Phoenix, Arizona, and between 1600 and 2300 
h in cyclic conditions simulating Atlanta, 
Georgia (21). Body temperature rhythms in 
feed-restricted animals appear to be strongly 
associated with feeding patterns, but body tem- 
perature appears to be monophasic in animals 
fed for ad libitum intake and not experiencing 
stress (8). 

Environmental stressors can disrupt body 
temperature rhythms. Hahn et al. (8) used frac- 
tal analysis to analyze stress of cattle that was 
caused by elevated ambient temperatures and 
to determine stress response thresholds. Com- 
puted fractal dimensions measured the rough- 
ness of the process. The fractal dimensions of 
tympanic temperature measured the ther- 
moregulatory variations during the circadian 
rhythm and provided a basis for objectively 
characterizing levels of stress (8). An interpre- 
tation of fractal dimensions @) to determine 
animal stress has been suggested by Hahn et 

al. (lo), based on analyses of data collected 
from feeder cattle in nonstressor (ther- 
moneutral) and stressor (hot) environments (8): 
21.7, no stress; 1.6 I D < 1.7, slight stress; 1.5 
I D < 1.6, mild stress; 1.4 I D < 1.5, moderate 
stress; 1.3 I D < 1.4, marked stress; and 1.2 S 
D < 1.3, severe stress. Although the specific 
boundaries between stress categories need fur- 
ther verification. fractal dimensions computed 
from tympanic temperatures of calves in this 
study indicated that this analytical technique 
also has application for evaluating stress of 
neonatal calves during cool autumn weather. 
Table 2 s hows that fractal dimensions fluctu- 
ated somewhat during the first 5 wk of life, 
ranging from 1.40 (wk 2) to 1.54 (wk 3), and 
then stabilized at about 1.55 from wk 6 
through 8. These values indicate a generally 
moderate level of stress initially, lessening to a 
mild level as the calves became older and 
better acclimatized. The moderate levels of 
stress indicated for wk 1 and 2 were associated 
with slight decreases in mean BW (45 kg at 
birth vs. 44 kg at wk 1 and 2); by wk 3, the 
BW was 46 kg and steadily increased there- 
after. 

The Utah State University clinical veterinar- 
ian examined calves within 24 h of birth and at 
weaning (8 wk). Examinations included a thor- 
ough physical examination and blood sampling 
via venipuncture. Complete blood cell counts 
were conducted at Logan Regional Hospital 
(Logan, UT). The number of medical treat- 
ments required by each calf was also recorded: 
the maximum was 2, and the mean number 
was .35, for calves in each type of housing. 
Housing had no affect on blood parameters, 
heart rate, or rectal temperature (Table 3). 
Differences existed in heart rate, respiration 
rate, lymphocytes, erythrocytes (P < .OOOl), 
and leukocytes (P < .005) at different ages 
(Table 4). Scibilia et al. (20) noted that respira- 
tion rates of newborn calves were affected by 
environmental temperature. When calves were 
monitored for 24 and 144 h after birth (18), 
respiration rates fluctuated an average of about 
44/min f 4 (X k SE), and heart rate and rectal 
temperature decreased from birth to 12 h, but 
rectal temperature tended to increase from 60 
to 96 h. Kurz and Willett (15) noted considera- 
ble variation among calves, especially in heart 
and respiration rates and counts for leukocytes 
and lymphocytes. The variation in the number 
of circulating leukocytes results from several 
factors, including muscular activity and the 
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TABLE 2. Fractal dimensions of the tympanic temperature of neonatal calves from data recorded at 5-min intervals from 
September to December. 

Mean 
fractal Interpretation2 
dimension Data set' of stress 

Week 
1 
2 
3 
4 
5 
6 
7 
8 

Polymer hutch 
Polyethylene dome 
Wooden hutch 

Housing 

1.44 
1.40 
1.54 
1.45 
1.44 
1.56 
1.53 
1.55 

1.50 
1.52 
1.51 

(no.) 

2 
6 
8 
7 

11 
13 
13 
12 

25 
25 
22 

Moderate 
Moderate 
Mild 
Moderate 
Moderate 
Mild 
Mild 
Mild 

Mild 
Mild 
Mild 

'Number of weekly calf data sets used for computing fractal dimension. 
*Based on Hahn et al. (9). 

TABLE 3. Mean calf physical data for different housing types. 

Housing type 

Polymer Polyethylene Wooden 
hutch dome hutch SE 

Rectal temperature, "C 38.81 38.99 38.67 . I4  
Heart rate, beats per min 112.60 110.50 119.20 3.79 

Hemoglobin, gVdl 10.52 11.27 12.52 .64 
Erythrocytes, xl@/pI 5.24 5.77 5.81 .33 

Respiration, breaths per min 48.15 53.30 49.80 3.66 

Leukocytes, x103/pl 20.19 17.59 25.06 4.76 
Lymphocytes, 9% 42.11 38.36 34.45 3.08 

TABLE 4. Mean differences in calf physical data that were due to age at sampling. 

Age 

Within 24 h 8 wk 
of birth of age 

Heart rate, beats per min 
Respiration, breaths per min 
Leukocytes, xlOYpl 
Erythrocytes, x106/pl 
Lymphocytes. % 

- 
X SE 
134.878 3.63 
62.538 2.99 
29.86c 3.63 
6.43a .26 

23.93C 2.72 

- 
X SE 
93.33b 3.63 
36.33b 3.23 
13.32d 4.41 
4.78b .32 

52.68b 2.87 

a,bMeans in the same row with different superscripts differ (P < .oOOl). 
C,dMeans in the same row with different superscripts differ (P < ,005).  
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TABLE 5. Percentage of time spent (from 0700 to 1900 h) by week and housing type in neonatal dairy calves. 

Inside Outside 
housing housing Lying Standing 

(% of time) 

861 

Week 
1 93 7 83 17 
4 89 11 68 32 
I 88 12 59 41 

Polymer hutch 86 14 68 32 
Polyethylene dome 100 NA 71 29 
Wooden hutch 85 15 71 29 

Housing 

immunological state of the animal at blood 
sampling. Leukocyte counts are high at birth 
and in young calves (12). Erythrocyte counts in 
calves decrease gradually until reaching adult 
levels at 1.5 to 3 yr of age (4). 

No differences were noted among housing 
types for hay and grain intake, girth, BW, and 
height. Jorgenson et al. (14) and McKnight (17) 
reported outside versus inside housing for 
calves had no effect on growth rate. According 
to observations of activities (from 0700 to 
1900 h) at wk 1, 4, and 7, calves spent more 
time outside their hutches and standing (Table 
5) .  Standing behavior of calves included eating 
and investigating housing; lying behavior in- 
cluded sleeping and ruminating. Calves spent 
similar amounts of time lying and standing, 
regardless of housing type. 

CONCLUSIONS 

For neonatal (1 to 8 wk) dairy calves, no 
differences were noted in feed intake, growth, 
blood measures, physiology, and behavior in 
the three housing types tested. Based on these 
comparisons during fall, the choice of calf 
housing can reflect manager preferences and 
economic considerations. The outdoor pens of 
the wooden and polymer hutches provided 
space for exercise, facilitated observations of 
the calves, and encouraged outside urination 
and defecation, thereby keeping hutches 
cleaner. 

Commercially available temperature data 
loggers with thermistor sensors were used to 
evaluate tympanic temperatures in the calves. 
Maximum tympanic temperatures generally 
occurred from 1200 to 1800 h, and minimum 
tympanic temperatures occurred between 0600 
to 0900 h. Objective classification of amounts 

of stress in the calves, based on fractal analysis 
of tympanic temperatures, indicated that stress 
decreased as age increased. More definitive 
determination of the circadian body tempera- 
ture rhythms and verification of the stress 
boundaries of young calves should provide a 
basis for using these rhythms as a reliable 
indicator of physiological stress and should 
facilitate the assessment of stress response and 
help to identify ways to improve environmen- 
tal management. 

ACKNOWLEDGMENTS 

Appreciation is expressed to Lisa Hollist 
and Elizabeth Howery for technical assistance 
in data acquisition, Kaye Hamilton for manu- 
script preparation, and Diane Purcell for fractal 
computations. 

REFERENCES 

1 Anderson, J .  F., and D. W. Bates. 1983. From calves 
to springers in less than 24 months. Page 251 in Proc. 
2nd Natl. Dairy Housing Conf. Dairy Housing. Vol 2. 
Am. Soc. Agric. Eng., St. Joseph, MI. 

2 Appleman, R. D.. and F. G. Owen. 1971. Relation- 
ships of the environment, including nutrition to calf 
health: a review. Trans. Am. Soc. Agric. f i g .  14: 
1083. 

3 Berman. A.. and M. Morag. 1971. Nychthemeral pat- 
terns of thermoregulation in high-yielding dairy cows 
in a hot dry near-natural climate. Aust. J. Agric. Res. 
22:67 1, 

4 Coles, E. H. 1986. Veterinary Clinical Pathology. W. 
B. Saunders Co., Philadelphia, PA. 

5 Collier, R., D. K. Beede, W. W. Thatcher, L. A. 
Israel, and C. J. Wilcox. 1982. Influence of environ- 
ment and its modification on dairy animal health and 
production. J. Dairy Sci. 65:2213. 

6Goodger. W. J., and E. M. Theodore. 1986. Calf 
management practices and health management deci- 
sions on large dairies. J. Dairy Sci. 69:580. 

Journal of Dairy Science Vol. 78, No. 4. 1995 



862 MACAULAY ET AL. 

7 Hahn, G. L. 1989. Body temperature rhythms in farm 
animals-a review and reassessment relative to en- 
vironmental influences. Page 325 in Proc. 11th Int. 
Soc. Biometeorol. Congr.. SPB Acad. Publ., The 
Hague, The Netherlands. 

SHahn, G. L.. Y.  R. Chen. 1. A. Nienaber, R. A. 
Eigenberg, and A. M. Parkhurst. 1993. Characterizing 
animal stress through fractal analysis of thermoregula- 
tory responses. 1. Therm. Biol. 17:115. 

9Hahn. G. L.. R. A. Eigenberg, R. L. Korthals, Y. R. 
Chen, A. M. Parkhurst. and J. A. Nienaber. 1994. 
Characterizing animal stress through thermoregulatory 
response analyses. Paper 94-4012. Am. Soc. Agric. 
Eng.. St. Joseph, MI. 

10 Hahn, G. L., R. A. Eigenberg, J. A. Nienaber, and E. 
T. Littledike. 1990. Measuring responses of animals to 
environmental stressors using a microcomputer-based 
portable datalogger. J. A i m .  Sci. 68:2658. 

11 Hahn, G. L.. J. A. Nienaber. and H. G. Klemcke. 
1987. Tympanic temperature rhythms as a means of 
addressing stress in cattle. Rep. Comm. Int. Genie 
Rural Sect. I1 Semin. Latest Dev. Livest. Housing: 
358. SP6-87. Am. Soc. Agric. Eng., St. Joseph, MI. 

12 Jain, N. C. 1986. Schalm's Veterinary Hematology. 
Lea & Febiger. Philadelphia, PA. 

13 James, R. E., M. L. McGilliard, and D. A. Hartman. 
1984. Calf mortality in Virginia Dairy Herd Improve- 
ment herds. J. Dairy Sci. 67:908. 

14Jorgenson. L. J., N. A. Jorgensen. D. J. Schingoethe, 
and M. J. Owens. 1970. Indoor versus outdoor calf 
rearing at three weaning ages. J. Dairy Sci. 532313. 

15 Kun, M. M., and L. B. Willett. 1991. Carbohydrate, 
enzyme, and hematology dynamics in newborn calves. 
J. Dairy Sci. 74:2109. 

16Lamb. R. C., B. K. Morrow, M. J. Arambel, and C. 
W. Arave. 1987. Comparison of plastic domes with 

wooden hutches for housing dairy calves. J. Dairy Sci. 
7qSuppl. 1):145.(Abstr.) 

17 McKnight. D. R. 1978. Performance of newborn dairy 
calves in hutch housing. Can. J. Anim. Sci. 58517. 

I8 Roy, J.H.B. 1983. Problems of calf rearing in connec- 
tion with their mortality and optimal growth: a review. 
Livest. Prod. Sci. 10:339. 

19 SAS" User's Guide: Statistics, Version 6.03 Edition. 
1988. SAS Inst., Inc., Caq.  NC. 

20Scibilia. L. S., L. D. Muller, R. S.  Kensinger. T. F. 
Sweeney, and P. R. Shellenberger. 1987. Effect of 
environmental temperature and dietary fat on growth 
and physiological response of newborn calves. J .  
Dairy Sci. 70:1426. 

21 Scott, I. M., H. D. Johnson, and G. L. Hahn. 1983. 
Effect of programmed diurnal temperature cycles on 
plasma thyroxine level. body temperature and feed 
intake of Holstein dairy cows. Int. J. Biometeorol. 27: 
47. 

22 Van Horn. H. H.. M. B. Olayiwole. C. J. Wilcox, 
Barney Harris, Jr.. and J. M. Wing. 1976. Effects of 
housing, milk feeding management, and rations for- 
mulation on calf growth and feed intake. J. Dairy Sci. 
59:924. 

23 Webster. A.J.F. 1981. Optimal housing criteria for 
ruminants. Page 217 in Environmental Aspects of 
Housing for Animal Production. J. A.  Clark, ed. But- 
terworths, London, England. 

24 Wiersma, F. 1976. Thermoregulation in dairy cattle. 
Paper 76-5008, Am. Soc. Agric. Eng., St. Joseph, MI. 

25 Wiersma F., and G. H. Stott. 1983. A technique for 
securing a temperature probe adjacent to the tympanic 
membrane in bovine. Trans. Am. Soc. Agric. Eng. 26: 
185. 

Journal of Dairy Science Vol. 78, No. 4, 1995 


